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A PROCESS FOR EXTRUSION OF TUBES FROM METAL ALLOY 

BILLETS 



FIELD OF THE INVENTION 

5 This invention relates to extrusion of tubes from metal alloy billets, 

specifically magnesium alloys, as well as structure components produced by this 
method. 

BACKGROUND OF THE INVENTION 

Extrusion is a process for the production of profiles and tubes. In the 

10 process, a round metal block called "billef' is placed into a die of a predetermined 
shape. In Ihe process, a punch forces the billet thru the die, whereby large 
deformations can be achieved. Such large deformations result m reduction in cross- 
section diameter and an increase in overall length, and change in the shape of the 
cross section of the original billet. 

15 Internal high pressure (IHP) forming of tubular specimen is a widely used 

technique in automotive mdustry to produce structure components, made of steel 
and aluminium, whereby the forming process is normally conducted at room 
temperature. 

SUMMARY OF THE INVENTION 

20 The present invention provides a process for the manufacture of tubes from 

metal alloy billets. The process comprises the steps of: 

1. heating up the pre-made solid billet to a predetermined temperature, 
positioning the billet in a contamer m the extrusion press equipped with a 
centrally located internal piercing mandrel, and pushmg the piercing 

25 mandrel through the billet with the required load at the end of the piercing, 

the tube is plastically deformed with an increase in length and, 

2. Extruded at a predetermined speed of the pushfaig ram through a die, the 
metal flows through the annular gap between the mandrel and the die. The 



pAnv ^>rnvprf«H hv f IRPTO ^rom the IFW im^ne n;?tabase on 12/02/2004 



-2- 

outer geometry and the inner diameter of the tube are determined by the die 
and mandrel respectively. 

3. The ratio between the cross section areas of the billet and the tube is 
defined as the "Extrusion Reduction Ratio" 
5 said process is characterized in ttiat: 

(a) The predetermined billet temperature, of step 1, being in the range of 300 to 
600^C, 

(b) The extrusion speed, of step 2 being in the range of 5 to 45 mm/sec, and 

(c) The extrusion reduction ratio of step 3 being in tfie range of 10:1 to 50:1. 

10 In a preferred embodiment of the present invention, the metal alloy is 

magnesium. 

By a preferred option, various physical parameters of the obtained shaped 
tube are measured such as: yield strength, tensile strength, elongation in both axial 
and circumferential directions of the tube. These measurements, taken either 

15 continuously, or periodically, (preferably when calibrating the process and the 
machines) are used to adjust the exact pre-determmed temperature and pre- 
determined extrusion speed, within the above defmed range, to obtain the desired 
physical parameters of the resulting tube. The adjustment may be made by a 
computerized or manual feed-back loop so that the parameters are fine-tuned in 

20 accordance with the resulting tubes. 

The process of the present invention also comprises a subsequent internal 
high pressure forming process at elevated temperatures. Therefore, the 
tube/extrusion is sealed on both ends, and an internal pressure is built up. As 
pressure medium for the mtemal high pressure (HP) forming process gas or liquid 

25 is used. The forming process is conducted in a temperature range of 200°C-500^C, 
whereby different temperature field are realized in the tooling in order to improve 
the formability of the tube/extrusion. 

The invention fiirther provides any shaped structure manufectured by the 
process disclosed herein. The use of the tubes of the present mvention for the 

30 production of shaped structures has the benefit of producing shaped structures 
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which are better capable of sustaining the forming pressures and are principally 
produced undamaged, uncracked and capable of sustaining post-production 
pressures. 

DETAILED DESCRIPTION OF THE INVENTION 

5 The present invention is based on the observation that high quality structures 

of magnesium may be prepared when certain parameters are employed in the 
extrusion process. This novel method removes the problems associated with other 
techniques used for the manufacture of same metal alloy based structures. Such 
problems may be inhomogeneity of the alloy structure, abrasiveness of the alloy, 

10 brittleness of the manufactured object, and diflSculties in obtaining certain desired 
structures which could result in increased production costs. 

In the process of the present mvention, undesired deformations of the metal 
alloy are minimized. This results in a better and more efficient processing 
technique. In the process the billets are heated to temperatures ranging from 300 to 

15 600^C and pressed in a container throu^ a die, which is maintained at a similar 
temperature. The die, which has a predetermined size, determines the outer 
diameter of the manufactured tube. A centrally positioned mandrel determines the 
inner diameter of the tube. Thus, the annular space formed between the die and the 
centrally positioned mandrel determines the outer and inner dimensions of the 

20 hollow tube, which is processed. When force is applied on the billet by the press 
ram, - the extrusion process is conducted with the speed of the ram, namely at 5 to 
45 mm/sec. The billet material is squeezed through the annular space between the 
die and mandrel at a higher speed determined by the extrusion reduction ratio, 
which has a value ranging from 10:1 to 50:1. The extrusion reduction ratio is the 

25 ratio of the cross sectional area of the pierced billet before extrusion to the cross 
sectional area of the tube after extrusion. Thus, a hollow tube with a certain 
predetermined dimensions is obtained. 

The mandrel has two basic and important functions. First, it is used to pierce 
the billet in the container, thereby causing the entire billet to undergo a plastic 
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deformation with an increase in length. Second, after piercing, the mandrel is used 
to extrude the pierced billed through the annular gap between the mandrel and the 
die to form the tube. 

It is to be understood that the billets used with the method of the present 
5 invention may be undrilled billets or predrilled billets having a hollow centen 

The magnesium alloys, may be any one of commercially available alloys 
such as AZ31, AZ61, AZ80, ZM21 and the like. Preferably, the billets used with the 
invention of the present application are ZM 21 and AZ3 1 alloys. 

It should be understood that the novel method of the present invention may 
10 also be used with other metal alloys such as aluminum, copper, precious metals and 
superconductors. 

The hollow tube structures obtained by the novel process of the present 
invention may be further used to produce structurally defined elements of different 
sizes and structural complexity to be used in various fields and for various 

15 purposes. The extruded products may be optimized for further treatment such as 
hydroforming, by extruding them at a certain strain rate, temperature or press ratio, 
as required by the treatment conditions. 

The term "internal high pressure forming" refers in the present invention 
to any process in which a metal billet is placed into a die or mould having a pre- 

20 required shape of the finished product. A pressurized medium, typically liquid or 
gas , is intruded intemally of the tube to form it in a radial course, directed 
outwardly m order to take up the shape of determined by the die or mould. 

To reduce the weight of structure component, ultra light weight materials, 
such as magnesium may be used. 

25 Beside extruded magnesium alloys such as the AZ31 or ZM21 alloy 

products, tubes or profiles welded out of sheet metal may also be used. To form 
magnesium AZ31 tubes at elevated temperatures the following requirements shoiild 
befiilfiUed. 

The tooling is dived into segments, or inserts, which can be heated 
30 separately. These inserts, which may be isolated firom each other, are located in the 
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e5q)ansion zone and in the guided zone. By separating the various segments, 
different forming temperatures may be realized in the guidmg and in the expansion 
zone, as shown in Fig.l. 

The term ''tooling'' as used herein refers to the required set up to form 

5 magnesium tubes at elevated temperatures. Fig,2 shows such a tooling. The tooling 
consists of an upper and a lower die, whereby the split plane is equal to the 
horizontal mid plane of the tube. The lower - die consists of two units, the 
clamping- and the forming- unit. The clamping unit ensures that the end of the 
tubes are kept seal during the IHP forming process, furthermore the pressure 

10 medium is supplied thru it. The clamping unit consists of the crossheads, the 
hydraulic cylinders, the seaUng punches and the appropriate heating-, cooling- and. 
The tube is formed into the formmg unit, whereby the forming unit consist of the 
body material, the insert for free expansion, the insert for the guided zone, and the 
appropriate cooling and heating devices. The inserts in the guided and the 

15 expansion zone are heated separately. The upper die only consists of a forming \mit 
In the expansion zone a high forming temperature (300-400^C) is necessary 
to achieve hi^ circumferential strains. In the guided zone a lower fonning 
temperature (100-200'^C) is required. This can be justified by the fact that with 
increasing forming temperature the flow stress decreases to lower values (about 40 

20 N/mm^ at 350 or 400'^C depending on the alloy). Therefore, only small axial forces 
can be transferred to the e:?q)ansion zone. If the temperature is lower, the flow stress 
of the material increases and more axial force can be transferred to the expansion 
zone. This is very beneficial if the process includes axial feeding, since therewith 
more material can be fed to the expansion zone. For the case of a free bulging 

25 process, the applied axial forces lead to a compressive state of stress m the wall of 
the tube, which leads to a higher formability Qiigher circumferential strains). 

The Forming pressure depends on the tube material, the tube wall thickness, 
forming temperature and on the part's geometry. This means that the lower the 
temperature and the smaller the radius tiiat has to be formed, the hi^er the forming 

30 pressure. A higher wall thickness leads to a higher forming pressure as well. 
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For a free bulging process at SSO'^C and 2.2 mm gauge, the forming pressure 
is about 40 bar. Depending on the alloy used and its production technique the 
forming pressure may also vary. 

As a pressure medium, gas or special heat resistant fluids may be used. In 

5 one preferred embodiment, the pressure medium is a gas. In a specific embodiment, 
the gas is selected from inert gases. The term ''inert' refers to gases, which do not 
react with any other material (solid, liquid or gas) with which they are in contact, 
under the conditions used in the process of the present invention, and which do not 
decompose or oxidize under these conditions. Preferred gases are also those which 

10 may be regenerated for finther use. Such gases may for example be nitrogen and 
the noble ^es. The benefit of using gas as a pressure medium, and specifically the 
preferred gases mentioned hereinbefore, is that these gases may be heated to high 
temperatures suitable for the magnesium forming (200*^-500°C). At these 
temperatures a liquid medium typically used in the hydroforming process may 

15 undergo decomposition. 

The strain rate influences the formability of the tube material. The higher the 
forming temperature is, the higher the influence of the strain rate on the formability. 
Thus, in one case the components are formed at a constant strain rate. Depending 
on process time, and necessary formability the strain rate may vary between 2x10"^ 

20 s'^ and 1x10"^ s"\ 

Previous heat treatment may also urfluence the mitial structure of the tube 
material. The tubes may be annealed at temperatures between 200^C and SOO'^C. In 
one preferred case, the annealing temperature is between 250°C and 300*^C If the 
tubes are annealed at this preferred temperature range for a maximum of 6 hours, a 

25 uniform, fine-grained structure may be observed. A grain size between 10|Lim and 
50|xm can be realized. This fine-grained structure leads to an improved formability, 
especially at low strain rates (smaller then 2x10'^ s'^). 

The process described herein, and more specifically, the steps which mvolve 
hydroforming may additionally be followed by subsequent hydroforming 
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operations in order to deform or provide additional structural modifications to the 
final product. 

Example; Extrusion parameters used in the preparation of tubes from 
5 Magnesium AZ31 alloy billet 

The chemical composition of the billet used (including trace elements and 
impurities) was as follows: 2.856% Al, 1.022% Zn, 0.329% Mn, 0.004% Fe, 
0.038% Si, 0.001% Cu, and 0.001% Ni. 

A continuous casting system was used with a flat die of 42 mm, moving 
10 mandrel of 38 mm and a container of 1 10 mm. The predrilled billet was 200 mm in 
length, 107 nmi in diameter and with a drilled hole diameter of 38 mm. 

The velocity of extrusion process (Ram speed) was 15 mm/s, with the billet 
preheated entry temperature of 297'*C. The die was heated at 300''C No lubrication 
was used in the process. The extrusion ratio was 29:1 with an overall force of 4.45 
15 MN. 

Example 2; IHP Process 

For the subsequent following IHP forming process, the extruded tubes are 
annealed at 300X for 6 h. Thereafter, the tubes are preheated to a forming 
temperature of 350^^0. Then the IHP forming process is conducted at a temperature 
20 in the forming zone 350^C. In the guided zone temperature is 250''C. Axial force is 
applied by the hydraulic cylinders, which travel the sealing punches. Therewith, a 
compressive state of stress can be build up in the wall of the tube. As pressure 
medium for the IHP forming nitrogen gas is used, whereby the pressure vs. time 
path ensures a constant strain rate over the process time. 
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CLAIMS: 

1. A process for the manufacture tubes or structure components from alloy 
billets, the process comprises the steps of: 

1. heating the billet to a predetermined temperature, 

5 2. positioning the billet in an extrusion press equipped with an internal 

piercing mandrel and maintained at a predetermined temperature, and 
3 pushing the piercmg mandrel, at a pre-determined extrusion speed, 
through the billet thereby producing a tubular billet with a predetermined 
outer geometry and an inner diameter of predetermined size with a reduction 

10 of the cross-section diameter of the shaped tube as compared to that of the 

billet and an increased length; 
said process is characterized in that: 

(a)The predetermined billet temperature, of step 1, being in the range of 300 to 
600°C, 

15 (b) The extrusion speed, of step 2 being in the range of 5 to 45 mm/sec, and 
(c) The extrusion reduction ratio of step 3 being in the range of 10:1 to 50:1. 

2. The process of claim 1, further comprising the step of internal high pressure 
forming, whereby the forming temperatures are in the range of 200 to 500°C, a 

20 liquid or a gas is introduced into the tube under sufficient pressure, the tube 
expands and fills a pre-shaped mould cavity, at the end of which point the formed 
structure is quenched by water or cooled on air at room temperature. 

3. A tube according to claims 1 or 2 wherein said tube is magnesium. 

25 

4. A tube structure manufectured by the process of the preceding claims. 

5. A formed structure manufactured by the process of claims 2 or 3. 
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